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We present a family with findings of Ehlers- 
Danlos syndrome type VIII and a presenile 
appearance due to decreased subcutaneous 
tissue with drawn skin, defective wound heal- 
ing, contractures, and thin hair. To investigate 
this syndrome, we studied collagen produc- 
tion and the growth properties of cultured 
fibroblasts taken from affected relatives. We 
could not find evidence of a collagen defect 
or premature senescence of cultured fibro- 
blasts, although the fibroblasts may have a 
decreased growth rate. We conclude that this 
family has findings of EDS VIII and prema- 
ture aging and propose that this overlapping 
phenotype is due to a single pathogenetic 
mechanism. Our studies of collagen produc- 
tion and fibroblast replication did not discern 
this mechanism. 
KEY WORDS: Ehlers-Danlos syndrome, pre- 
mature aging, senescence, col- 
lagen, periodontitis, skin fra- 
gility, autosomal dominant 
inheritance 
INTRODUCTION 
The Ehlers-Danlos syndrome (EDS) eponym includes 
15 entries in the current edition of Mendelian Inheri- 
tance in Man [McKusick, 19901. Individuals affected 
with the various types of EDS have several “cardinal” 
manifestations including joint hypermobility, skin hy- 
perextensibility, dystrophic scarring, easy bruising, and 
connective tissue fragility [Beighton et al., 19881. 
Ehlers-Danlos syndrome types IV, VI, and VII are asso- 
ciated with abnormal collagen metabolism [Byers et al., 
1981; Pinnell et al., 1972; Steinmann et al., 19801. Pa- 
tients affected with Ehlers-Danlos type VIII have mild 
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or no joint hypermobility and skin hyperelasticity, thin 
skin with easy bruising and defective wound healing 
especially of the shins and destructive periodontal dis- 
ease with premature tooth loss [Beighton et al., 1988; 
Nelson and King, 19811. One individual with EDS VIII 
has been reported to have reduced type 111 collagen 
[Lapiere and Nusgens, 19811, although a second patient 
did not demonstrate any abnormality of collagen metab- 
olism [Hartsfield and Kousseff, 19901. We report on a 
family with manifestations of EDS VIII and some 
changes suggestive of “premature aging.” Based on the 
phenotype, we elected to study some of the previously 
described laboratory findings associated with these dis- 
orders in an attempt to characterize this disease. 
CLINICAL REPORTS 
The propositus was 36 years old at the time of exam- 
ination (11-9, Fig. 1). He was diagnosed with Werner 
syndrome in 1965. He stated that his skin injures easily 
and heals slowly. When healing is complete the skin is 
thin and hyperpigmented. He became edentulous at 16 
years because of severe periodontal disease. He smoked 
approximately one package of cigarettes per day for 20- 
25 years and is an alcoholic. He carried diagnoses of 
cirrhosis, chronic bronchitis, and pancreatitis. He stated 
that he underwent a procedure to have his vocal cords 
“stripped of callouses.” 
On physical examination his hair was sparse and the 
scalp veins were prominent (Fig. 2a). His OFC was 
52 cm (<2nd centile). His ears were prominent with 
simple helices of normal size, the inner canthal distance 
was 2.6 cm and the outer canthal distance was 9.4 cm 
(both -3rd centile). His eyes, nasal bridge, laryngeal 
cartilages, and supraclavicular recesses were promi- 
nent (Fig. 2b). Anisocoria was present. Decreased 
breath sounds, ronchi, and dullness to percussion on the 
left and bibasilar rales were noted on auscultation. A 
midepigastric mass was present (diagnosed as a pancre- 
atic pseudocyst by his primary physician). A varicocele 
was present in the left hemiscrotum. His subcutaneous 
tissue was thin and there were multiple thin, papery 
scars with patchy hyperpigmentation (Fig. 3), most no- 
table on the shins. He had multiple striae on the abdomi- 
nal wall as well as an upper transverse abdominal scar 
which was thin and papery. There were open wounds 
over the tibiae and mild edema of the feet. Flexion con- 
Ehlers-Danlos Syndrome Q p e  VIII 285 
I 
I 
I I I 
Fig. 1. Pedigree of EDS VIII family. Dark symbols, affected individ- 
ual by examination; hatched symbols, affected individual by history. 
Fig. 3. (a) Legs of propositus; note thin, shiny skin and hyperpig 
mentation. (b) Legs of affected son of propositus demonstrating similar, 
but less severe, abnormalities. 
tractures of several proximal interphalangeal (PIP) 
joints, the wrists, and elbows were present. 
The 17-year-old son of the propositus (111-16) was also 
evaluated. His birth and neonatal course were unre- 
markable. He sustained an injury to his right arm at age 
18 months which resulted in dehiscence of the skin. A 
skin graft was performed at 3 years. Since childhood he 
complained of easy bruising and frequent nose bleeds. In 
addition, he had an episode of acute, self-limited, hema- 
turia following a wrestling match. He stated that after 
any injury his skin became thin, shiny, and hyperpig- 
mented. Myopia was diagnosed at 7 years. 
His height was 180 cm, weight was 66 kg, and OFC 
His facial appearance was remarkable for decreased 
subcutaneous tissue resulting in sunken cheeks and 
prominence of the nose, forehead, and laryngeal car- 
tilage. His inner canthal distance was 2.7 cm (-3rd cen- 
tile) and his outer canthal distance was 9.5 cm (-75th 
centile). His teeth were loose and the gingivae were 
Fig. 2. (ab) Facial changes of the propositus; note prominent scalp 
veins, prominent nasal bridge, deep set eyes, and prominent laryngeal 
cartilage. 
was 54*75 cm 25th-50th 'entile)* His hair was thin* 
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erythematous. Several facial telangiectasias were pres- 
ent. His limbs had thin, papery skin with patchy hyper- 
pigmentation. These skin changes were most severe on 
the anterior tibiae and moderate on the thighs and dis- 
tal phalanges of the hands. A hematoma was present on 
the dorsum of one thumb and on the thighs. Striae were 
present on the thighs. He had bilateral fifth finger 
clinodactyly, flexion contractures of the PIP joints of 
both fifth fingers and a short distal phalanx of the sec- 
ond digit of the left hand. 
Two other offspring of the propositus were said to be 
affected with the same disorder but were not available 
for examination. A son (111-17) was said to be severely 
affected and a daughter (111-15) was said to be mildly 
affected. The father of the propositus was also said to be 
affected but no details were available. 
MATERIALS AND METHODS 
Dermal fibroblast cultures were prepared from punch 
biopsies taken from the inner aspect of the forearm. All 
biopsies were obtained with the informed consent of the 
donors. Explanted cells were cultured in Dulbecco’s 
modified Eagle’s medium (DMEM) supplemented with 
10% fetal calf serum, penicillin (100 units/ml), and 
streptomycin (100 Fglml). All cultures were performed 
in T-75 cm2 flasks (Corning) at 37°C in a humidified 
atmosphere of air supplemented to 4% C02. To investi- 
gate the number of cell doublings prior to in vitro senes- 
cence, the cultures were grown to near confluence and 
counted with a hemocytometer and then recultured at a 
density of lo5 cells per flask. The cells from the two 
patients and a normal unrelated control were split into 
duplicate cultures for a total of 6 cultures. 
To study the procollagen, approximately 2.5 x 10‘ 
cells were plated into 35-mm dishes and allowed to at- 
tach and spread overnight. The next day, cells were 
preincubated in DMEM supplemented with 50 pg/ml 
ascorbic acid for 30 min. The medium plus ascorbic 
acid was replaced and the cells were labeled with 
~-[2,3,4,5-~H]proline (101 Ci/mmol, Amersham) for 
16 hr. Following the pulse, medium and cell layer sam- 
ples were harvested separately in the presence of pro- 
teolytic inhibitors and processed for electrophoresis as 
described [Bonadio et al., 19851. Procollagen samples 
were separated on 5% SDS-PAGE, the gels were dried, 
and autoradiographs were prepared. A thermal stability 
study was performed as previously described [Bonadio et 
al., 19851. 
GTG-banded karyotypes were performed by standard 
methods on cultured fibroblasts from both affected indi- 
viduals. Karyotyped cells were at approximately the 
20th passage. 
RESULTS 
Proposed diagnostic criteria for EDS VIII include the 
cardinal manifestations of EDS in moderate degree (hy- 
perextensible skin, dystrophic scarring, easy bruising, 
joint hypermobility, and connective tissue fragility) and 
severe destructive periodontal disease with early tooth 
loss and gingival recession [Beighton et al., 19881. The 
gentlemen reported here manifested dystrophic scar- 
ring, easy bruising, tissue fragility, and severe destruc- 
tive periodontal disease. In addition to the typical EDS 
VIII findings noted above, the gentlemen reported here 
also manifested thin, atrophic skin of the face with 
prominence of scalp veins, eyes, nasal bridge, and neck 
structures. These findings are seen in some of the “pre- 
mature aging” syndromes and are also present in the 
EDS VIII case reported by Stewart et al. 119773. The 
patients reported here also have sparse hair which is 
common in the “premature aging” disorders. The find- 
ing of small joint contractures is surprising in a family 
affected with any type of EDS; however, this finding was 
also seen in the case of Nelson and King [19811 and is 
another change seen in some “premature aging” syn- 
dromes [Gilkes et al., 19741. Based on the above consid- 
erations we conclude that the family reported here is 
affected with EDS VIII and, in addition, shows several 
manifestations that are not common in other EDS VIII 
patients but are known to occur in the “premature 
aging” syndromes. 
On the basis of this conclusion we studied the replica- 
tive potential of fibroblasts in vitro because of the “pre- 
mature aging” findings. Cells from the two patients 
grew to more than 25 generations (Fig. 4). Nonquantita- 
tive culturing was continued after the formal experi- 
mental period for a minimum of 15 generations and 
showed no evidence of senescence, although one of the 
samples (RB at day 18-25 and RA at  day 25-36) showed 
a temporary arrest of growth. These cells resumed 
growth when subcultured and we propose that this ar- 
rest was due to a clonal succession as described previ- 
ously [Salk et al., 19811. It is interesting to note that the 
growth rate of the fibroblasts from the affected individ- 
uals appears to be slower than that of the control 
fibroblasts. As this study was not designed to detect 
such differences with statistical confidence, we are un- 
able to conclude that this effect is real. Chromosomes of 
fibroblasts from both patients were normal (46,XY). No 
increase in chromosome breakage was noted compared 
to normal control samples (data not shown). 
We also studied collagen production because of the 
EDS-VIII phenotype exhibited by the father and son. 
In comparison with collagen production by control fibro- 
blasts, no significant differences were observed in the 
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Fig. 4. Fibroblast replication (in doublings) versus time for propo- 
situs (M1, RA2, RBI, affected son (MA,MB), and control (CA,CB). 
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of fibronectin, type I collagen, or type 111 collagen pro- 
duced by either patient’s cell line (Fig. 5) .  In addition, no 
significant differences were observed in the thermal 
stability of type I procollagen molecules produced by 
cells from the propositus, his son, and a control (Fig. 6). 
DISCUSSION 
Ehlers-Danlos syndrome type VIII was first de- 
scribed by McKusick [1972] in several relatives of a 
colleague with defective wound healing, hyperpig- 
mented, atrophic skin and periodontal disease. f i l l  case 
reports describing an additional 8 patients in 6 families 
have been published [Stewart et al., 1977; Linch and 
Acton, 1979; Piette and Douniau, 1980; Nelson and 
King, 1981; Olesen and Ernst, 1987; Hartsfield and 
Koussef, 19901. All pedigrees are compatible with auto- 
soma1 dominant inheritance. These patients share 
many of the above noted phenotypic features of EDS VIII 
and lack (except the case of Piette and Douniau [19801) 
the skin hyperextensibility and vascular or viscus rup- 
ture typical of other types of EDS. Several additional 
patients have been reported in abstract form [Hollister 
et al., 1980; Lapiere and Nusgens, 19811. The report of 
Hollister et al. [19801 includes one family of 3 patients 
whose findings are quite similar to those of the above 
full case reports and one of these individuals died of 
duodenal rupture. The second family of at least 4 indi- 
viduals seems atypical in that they had “only modest 
skin fragility and bruisability, but moderate to marked 
skin stretchability.” The patient reported by Lapiere 
FIBRONECTIN - 
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Fig. 5. Matrix macromolecule biosynthesis. Tritiated proline-la- 
beled samples from medium and cell layer compartments of cultured 
cells derived from controls (C1 and C2, respectively), propositus (R), 
and son (M) were separated on 5% SDS-PAGE under reducing condi- 
tions, and a radiograph was prepared as described under “Materials 
and Methods.” The production of fibronectin and the constituent chains 
of collagen types I and 111 were assessed. Based on a consideration of 
migration on the gel and secretion efficiency, the synthesis of fibronec- 
tin and collagen by cell lines derived from the propositus and his 
son was considered to be indistinguishable from controls. 
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Fig. 6. Thermal stability assay. Equal amounts of radiolabeled, 
secreted procollagen from a control (A), the propositus (B), and his son 
(C) were suspended in a neutral salt buffer (0.01 M Tris, pH 7.4,0.4 M 
NaCI) and warmed over a range of temperatures (38-42°C) in 0.5% 
increments. Every 6 min, an aliquot was removed, trypsin (100 mg/ml, 
final concentration) was added, and the sample was incubated for 2 min 
at 22°C. At the end of the digest, proteolytic inhibitors and electro- 
phoresis buffer were added, and the sample was boiled for 2 min and 
then separated on 5% SDS-PAGE. Similar to the control, procollagen 
samples from the propositus and his son were completely digested at  
41.5”C. 
and Nusgens [19811 also manifests findings of skin hy- 
perelasticity and fragility, moderate small joint hyper- 
mobility, in combination with severe periodontitis. We 
have also encountered a report by Benjamin and Weiner 
[19431 which describes a 9-year-old French-Canadian 
girl with no joint hypermobility or skin hyperexten- 
sibility but marked fragility of the skin (most notable on 
the shins) and periodontal disease. 
We are impressed with the overlap of the findings of 
our patients with both EDS VIII and the “premature 
aging” syndromes. These syndromes are characterized 
by a premature appearance of wrinkled, thin skin and 
skin fragility, decreased subcutaneous tissue, short life- 
span, joint contractures, dental loss, short stature, and 
autosomal recessive inheritance. The fibroblasts of indi- 
viduals affected with such disorders as Werner syn- 
drome, progeria, and Fbthmund-Thomson syndrome 
demonstrate a significantly reduced potential for in 
vitro replication when compared to normal controls 
[Martin et al., 1970; Salk et al., 19811. The two gentle- 
men reported here, as well as other patients with EDS 
VIII, have some manifestations of the “premature 
aging” disorders. The skin fragility, drawn facial ap- 
pearance, periodontal disease, and defective healing are 
findings seen in several of these disorders. However, the 
finding of attenuated in vitro cell reproduction was not 
demonstrated in our patients. If a decreased rate of cell 
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reproduction were indeed present, as our data suggest, it 
may be related to the poor wound healing and ulcer 
formation seen in these patients and may point toward 
an underlying pathogenetic defect that may be related 
to the attenuated life span of fibroblasts from individ- 
uals with “premature aging” syndromes. 
Our studies of collagen production do not rule out all 
possible derangements of this macromolecule. In partic- 
ular, we did not see an alteration in the ratio of type I to 
type I11 collagen. The abstract published by Lapiere and 
Nusgens /1981] concludes that the level of type I11 col- 
lagen in a pepsin extract of skin from an EDS VIII 
patient was reduced compared to control values. The 
report of Hartsfield and Kousseff [ 19901 demonstrated 
normal collagen production and enzymatic stability. 
Clearly, this is an emerging syndrome with inter- 
familial variability and, although diagnostic criteria 
have been outlined, it is not certain that all of the above 
families have a single disorder, much less a single muta- 
tion. Whether the phenotypic heterogeneity of EDS VIII 
is due to variable expression or genetic heterogeneity is 
unanswered. 
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